Transformation of a type I SCCmec element into Staphylococcus aureus yielded highly oxacillin-resistant transformants with a reduced growth rate. Faster-growing variants could again be selected at the cost of reduced resistance levels, demonstrating an inverse correlation between oxacillin resistance levels and growth rate.
originating from an MRSA strain containing a type I SCCmec element. The transformants were selected on plates containing 4 g of cefoxitin per ml. Resistance tests were performed according to the recommendations of the National Committee for Clinical Laboratory Standards (11) . The transformants were highly oxacillin resistant (MICs, 512 g/ml). The stability of the high-level-methicillin-resistance phenotype of representative strain RA120 was tested by dilution of an RA120 culture and subsequent regeneration from single cells in nonselective medium, which demonstrated that the high-level-resistance phenotype was not an induction phenomenon resulting from selection on cefoxitin.
Interestingly, the transformants grew much slower than the susceptible parent, with a generation time of 40 Ϯ 0.1 min compared to a generation time of 29 Ϯ 0.1 min for strain BB255. Strain RA120 was cured of SCCmec by transient overexpression of ccrAB from plasmid pSR3-1, which induces precise, site-specific excision of SCCmec, as described by Ito et al. (5) . The resulting susceptible strain, strain ME23, regained the doubling time and the chromosomal SmaI pulsed-field gel electrophoresis (PFGE) pattern of wild-type strain BB255 (Fig. 1) , demonstrating the excision of SCCmec. This decrease in the growth rate after the introduction of SCCmec and the subsequent increase in the growth rate upon curing confirmed that SCCmec and/or the resulting high oxacillin resistance level was the cause of the decreased growth rate and, thus, the loss of fitness in vitro.
Mixed growth competition assays were performed between strain RA120 and susceptible strain ME23 by inoculating 10 4 CFU of each strain into 10 ml of Luria-Bertani broth in the absence of antibiotic pressure. Where indicated, the ratio of RA120 to its competitor was raised to 100:1 by increasing the RA120 inoculum to 10 6 CFU. Every 24 h the mixed culture was diluted by a factor of 10 4 with fresh broth, and the number of CFU of the susceptible strain per milliliter versus that of the resistant strain was determined by plating aliquots on nonselective plates and on plates containing 1 g of oxacillin per ml and calculating the difference in the number of CFU. At an initial ratio of RA120 to ME23 of 1:1, the RA120 population was lost at a rate of 2 log 10 CFU per day (Fig. 2a) . Increasing the ratio of RA120 to ME23 to 100:1 allowed the fastergrowing variants, represented by strain ME51, with a doubling time of 29 Ϯ 0.1 min, to emerge (Fig. 2b) and to compete successfully with ME23 (Fig. 2d) . The doubling time of this faster-growing variant, ME51, remained constant when it was retested 10 days later, and the strain maintained the same restriction pattern as RA120 (Fig. 1) . Subculturing of RA120 alone under the same conditions did not yield faster-growing variants after the same number of days, indicating that fastergrowing mutants were selected only in the presence of a competitor.
When ME51 was cured of SCCmec, the resulting strain, strain ME57, was indistinguishable by its growth rate and PFGE pattern ( (data not shown). However, when RA120 was grown in competition with naïve strain BB255 (Fig. 2c) , it was more rapidly eliminated than it was in competition experiments with ME23 or ME57. This suggests that ME23 and ME57 were not as competitive against RA120 as BB255 was; this is possibly due to the acquisition of a chromosomal mutation, as has previously been postulated to occur in highly resistant MRSA strains (14) . However, the introduction of an accidental mutation upon transformation cannot be ruled out. An interesting observation was that strain ME51, as well as 24 of 24 other fast-growing oxacillin-resistant single colonies analyzed from the competition of strains RA120 and ME23, all had reduced levels of oxacillin resistance compared to that of RA120. However, at this stage we do not know whether the fast-growing population comprised a single clone or whether several events resulted in faster growth. The population analysis profile revealed that RA120 had changed from a homogeneously, highly resistant MRSA strain into a heterogeneously resistant MRSA strain (Fig. 3) for which the oxacillin MIC was 64 g/ml. Highly resistant subclones of ME51, isolated and purified from plates containing 128 or 256 mg of oxacillin per ml, again showed a reduced growth rate, with a doubling time of 39.5 Ϯ 2.7 min. Analogous transformations into BB255 were done with other SCCmec type I or type IV elements (data not shown), and analysis of the generation time confirmed a correlation between oxacillin resistance levels and growth rate.
The cost of SCCmec may be compensated for in nature. This is reflected by the rapid rate of growth of community-acquired MRSA strains upon which pressures other than antibiotics may act and which, interestingly, have generally been found to exhibit lower oxacillin resistance levels (12) . We cannot exclude the possibility that the experimentally demonstrated interrelationship between oxacillin resistance levels and growth rate may also be compensated for in clinical isolates. Oxacillin resistance levels appear to have a higher impact on the growth rate than the addition of the extra DNA comprising the SCCmec element.
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